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Summary
An identification of the nature and an estimation of the particle size distri
bution of the iron deposits on thalassemic heart tissue is carried out by variable
temperature Mossbauer spectroscopy. Comparison of Mossbauer spectra
obtained for the thalassemic heart tissue (I) with those of normal heart tissue
(II) and of horse spleen ferritin (III) identifies the iron deposits to be small,
superparamagnetic particles of ferritin and/or hemosiderin, t\VO
two closely related
iron storage proteins containing an iron core of (F'eOOJ-I)gCF'eO
(FeOOH )s( FeO . OP0 331-1
H1, ).). The
dependence of the superparamagnetic relaxation time, T,
7, of magnetically
ordered fine particles on their volume V via the magnetic anisotropy constant
K of the material and the condition 77 > T710,
L, the Larmor precession time of the
nuclear magnetic moment of 57"Fe
57Fe about an effective magnetic field, for obser
vation of hyperfine structure are used in analyzi11g
analyzing the Mossbauer data to yield
the particle size distribution. Particle diameters are estimated to be 74 ± 12 ~A.
.8.... _

Introduction
Thalassemia disorders [1] are accompanied by an excess amount of unbound
iron in the red blood cells due to globin chain denaturation and precipitation
[2-5,29]. This eventually results in the formation of iron granules [3,5] \vhich
which
are deposited on different internal organs, primarily the spleen, heart, liver,
pancreas and lymph nodes [6,7]. Life expectancy is usually 15-20 years and
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papiHary muscles on the right. Severe hemosiderosis was extensive
in other organs including the liver, pancreas, adrenal glands, kidneys, gastric
mucosa, bone marrow, and choroid plexus.
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Fig. 1. Mossbauer spectra at T'= 77 K of (a) normal heart tissue, (b) thalassemic heart tissue and (c) horse
spleen ferritin. The source is 57 Co in Rh at room temperature. Isomer shifts are relative to metallic iron.
The solid line in (b) and (c) gives the least-squares fit of the
th e experimental
exp erimen tal data to Lorentzian
Loren tzian lines.
Fig. 2. Mossbauer spectra of thalassemic heart tissue at T = 13,31
13, 31 and 53 K. The source is 57 Co in Rh at
room temperature. Isomer shifts are relative to metallic iron. The solid lines give the least-squares fits of
the experimental points to Lorentzian lines.

to an internal field at the nucleus Heff
Heff approximately equal to 485 kOe. In
addition, a quadrupolar split component superimposed at the center of the
spectrum is observed. The origin of the central doublet must be attributed to
either incomplete spin-alignment at these temperatures or the presence of an
additional nonmagnetic iron compound in the tissue. As the temperature
increases, the intensity of the hyperfine lines decreases while the central non
nonnon
magnetically split component builds up in intensity. For T>
T > 53 K only the
central quadrupole doublet is observed. Table I summarizes the Mossbauer
results.
The magnetic behavior observed above is similar to that obtained by other
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(K)
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Magnetic
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(n1111/s)
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H
(I<Oe)
(kOe)

------------------------------.

-------------~-----------------

4�
77�
77
4
77

Horse spleen ferritin
Thalassemic
Thalasselnic heart tissue

0.70

0.45 ± 0.01

0.70 t 0.01
0.701:0.01

±±

15.63
15.63 ±± 0.05
0.05

484 ±± 22
484

15.59 ±± 0.09
0.09
15.59

482
482

0.01
0.01

0.477 i 0.007
0.477:i

ii

33

---------------------

-----------.~-----

* Relative to nletallic
n1etallic iron.

Source was at room temperature.
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For the
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\vhere
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T, and
and 1'1
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i~..
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Considering the
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nature of
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the parameters
parameters chosen
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the
result
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agreement with
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observed Inin
by
Fischback
et
al.
[16].
ferritin
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ferritin particles by Fischback et al. [16].
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Fig. 3. The fraction f of particles with volume greater than
than the
the critical
critical volume
volume for
for superparamagnelism
supcrparamagnelism
given by the ratio of the integrated intensity of the magnetic
magnetic hyperfine
hyperfine cornponent
component of
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the spectrum
spectrum over
over
tensity as a function of temperature or.
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intensity
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or diam
diameter
of particles.
parHc!es. The
The
solid line gives an eye fit to the experimental points. The dashed
dashed line
line is
is proportional
proportional to
lo Tl,,((V)
V) the
lhe particle
particle
volume distribution in the sample.

approaches zero. As noted above, this may indicate the presence of
of another,
another, asas
yet unidentified, paramagnetic iron compound on the thalassemic heart
heart tissue
tissue
[26,27]..
[26,27]
Discussion
Most of the iron contained in the body is continuously recycled.
recycled. l'\bout
About 70%
70%
of the iron is bound to hemoglobin and about 20-25% is bound
bound to
to storage
storage
proteins. Ferritin and hemosiderin are the two known forms of iron
iron storage
storage
proteins. They both contain a micellar core of (FeOOI-I)8(FeO
(FeOOH)s( FeO ·OPO
. OPOJJH
H22))
[19,20,28] of approx. 70 A diameter surrounded by a protein shell
shell with
with aa
total diameter of approx. 120 A. Hemosiderin is known to be 24-45%
24-45% iron
iron by
by
about
weight while ferritin can vary from zero iron content (apoferritin)
to
(apoferritin) to about
23% iron by weight. Thus, it is believed that hemosiderin may be formed
formed when
when
an excess amount of iron is to be stored over and above the available
available synthesis
synthesis
of the protein shell, i.e.,
i.e" apoferritin.
While the ultimate cure of thalassemia will theoretically lie in alterations
alterations of
of
the genes responsible for hemoglobin and possibly apoferritin synthesis,
synthesis,. the
the
only present hope of alleviation of the symptoms of the accompanying
accompanying iron
Iron
storage disease with acute cardiac problems lies in
ill the continuous development
development

f better nontoxic chelating agents that will allow the continuous removal of

~on deposits from the

cardiac walls and other organs.

Conclusion
We have shown that iron deposited in heart tissue because of thalassemia is
easily observable by Moss bauer spectroscopy. We have identified these deposits
as hemosiderin or ferritin, and from the temperature dependence of the mag
magnetic hyperfine spectrum, have estimated the size of the particle diameters to
be 74 ± 12 A..
A.
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